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Preface

Thisreport presentsinternational energy projections through 2020,
prepared by the Energy I nformation Administration, including outlooks for
major energy fuels and issuesrelated to electricity, transportation, and the environment.

The International Energy Outlook 2002 (IEO2002) presents
an assessment by the Energy Information Administra-
tion (EIA) of the outlook for international energy mar-
kets through 2020. The reportis an extension of the EIA’s
Annual Energy Outlook 2002 (AEO2002), which was pre-
pared using the National Energy Modeling System
(NEMS). U.S. projections appearing in the IEO2002 are
consistent with those published in the AEO2002.
IEO2002 is provided as a statistical service to energy
managers and analysts, both in government and in the
private sector. The projections are used by international
agencies, Federal and State governments, trade associa-
tions, and other planners and decisionmakers. They are
published pursuant to the Department of Energy
Organization Act of 1977 (Public Law 95-91), Section
205(c). The IEO2002 projections are based on U.S. and
foreign government policies in effect on October 1, 2001.

Projections in IEO2002 are displayed according to six
basic country groupings (Figure 1). The industrialized
region includes projections for nine individual coun-
tries—the United States, Canada, Mexico, Japan, France,
Germany, Italy, the Netherlands, and the United King-
dom—plus the subgroups Other Europe and Aus-
tralasia, which is defined as Australia, New Zealand,
and the U.S. Territories (Guam, Puerto Rico, and the U.S.
Virgin Islands). The developing countries are repre-
sented by four separate regional subgroups: developing
Asia, Africa, Middle East, and Central and South Amer-
ica. China, India, and South Korea are represented in
developing Asia; Brazil is represented in Central and
South America; and Turkey is represented in the Middle
East.

The nations of Eastern Europe and the former Soviet
Union (EE/FSU) are considered as a separate country
grouping. The EE/FSU nations are further separated
into Annex | and non-Annex | member countries partici-
pating in the Kyoto Climate Change Protocol on Green-
house Gas Emissions. These groupings are used to
assess the potential role of Annex | EE/FSU countries in
reaching the Annex | emissions targets of the Kyoto Cli-
mate Change Protocol.

The report begins with a review of world trends in
energy demand. The historical time frame begins with
data from 1970 and extends to 1999, providing readers

with a 29-year historical view of energy demand. The
IEO2002 projections cover a 21-year period.

High economic growth and low economic growth cases
were developed to depict a set of alternative growth
paths for the energy forecast. The two cases consider
alternative growth paths for regional gross domestic
product (GDP). The resulting projections and the uncer-
tainty associated with making international energy pro-
jections in general are discussed in the first chapter of the
report. The status of environmental issues, including
global carbon emissions, is reviewed. Comparisons of
the 1EO2002 projections with other available interna-
tional energy forecasts are included in the first chapter.

The next part of the report is organized by energy
source. Regional consumption projections for oil, natu-
ral gas, coal, nuclear power, and renewable energy
(hydroelectricity, geothermal, wind, solar, and other
renewables) are presented in the five fuel chapters,
along with a review of the current status of each fuel on a
worldwide basis. Chapters on energy consumed by elec-
tricity producers and energy use in the transportation
sector follow. The report ends with a discussion of
energy and environmental issues, with particular atten-
tion to the outlook for global carbon emissions.

Appendix A contains summary tables of the IEO2002
reference case projections for world energy consump-
tion, gross domestic product (GDP), energy consump-
tion by fuel, electricity consumption, carbon emissions,
nuclear generating capacity, energy consumption mea-
sured in oil-equivalent units, and regional population
growth. The reference case projections of total foreign
energy consumption and consumption of oil, natural
gas, coal, and renewable energy were prepared using
EIA’s World Energy Projection System (WEPS) model,
as were projections of net electricity consumption,
energy consumed by fuel for the purpose of electricity
generation, and carbon emissions. In addition, the
National Energy Modeling System’s (NEMS) Coal
Export Submodule (CES) was used to derive flows in
international coal trade, presented in the coal chapter.
Nuclear consumption projections for the reference case
were derived from the International Nuclear Model, PC
Version (PC-INM). Nuclear capacity projections for the
reference case were based on analysts’ knowledge of the
nuclear programs in different countries.
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Appendix B and C present projections for the high and
low economic growth cases, respectively. Nuclear capac-
ity projections for the high and low growth cases were
based on analysts’ knowledge of nuclear programs.
Nuclear consumption projections for both cases were
derived from WEPS. Appendix D contains summary
tables of projections for world oil production capacity
and oil production in the reference case and two alterna-
tive cases: high oil price and low oil price. The projec-
tions were derived from WEPS and from the U.S.
Geological Survey. Appendix E presents regional fore-
casts of transportation energy use in the reference case,
derived from the WEPS model. Appendix F describes
the WEPS model. Appendix G presents comparisons of
historical data with the projections published in previ-
ous IEOs.

The six basic country groupings used in this report
(Figure 1) are defined as follows:

eIndustrialized Countries (the industrialized coun-
tries contain 18 percent of the 2001 world popula-
tion): Australia, Austria, Belgium, Canada,
Denmark, Finland, France, Germany, Greece, Ice-
land, Ireland, Italy, Japan, Luxembourg, Mexico, the
Netherlands, New Zealand, Norway, Portugal,
Spain, Sweden, Switzerland, the United Kingdom,
and the United States.

eEastern Europe and the Former Soviet Union
(EE/FSV) (7 percent of the 2001 world population):

- Eastern Europe: Albania, Bosnia and Herzegovina,
Bulgaria, Croatia, Czech Republic, Hungary, Mace-
donia, Poland, Romania, Slovakia, Slovenia, and
Yugoslavia.

- Former Soviet Union: Armenia, Azerbaijan,
Belarus, Estonia, Georgia, Kazakhstan, Kyrgyzstan,
Latvia, Lithuania, Moldova, Russia, Tajikistan,
Turkmenistan, Ukraine, and Uzbekistan.

=Developing Asia (55 percent of the 2001 world pop-
ulation): Afghanistan, Bangladesh, Bhutan, Brunei,
Cambodia (Kampuchea), China, Fiji, French Polyne-
sia, Hong Kong, India, Indonesia, Kiribati, Laos,
Malaysia, Macau, Maldives, Mongolia, Myanmar
(Burma), Nauru, Nepal, New Caledonia, Niue,
North Korea, Pakistan, Papua New Guinea, Philip-
pines, Samoa, Singapore, Solomon Islands, South
Korea, Sri Lanka, Taiwan, Thailand, Tonga,
Vanuatu, and Vietnam.

=Middle East (4 percent of the 2001 world popula-
tion): Bahrain, Cyprus, lran, lIraqg, Israel, Jordan,
Kuwait, Lebanon, Oman, Qatar, Saudi Arabia, Syria,
Turkey, the United Arab Emirates, and Yemen.

Key
I Industrialized Countries
I EE/FSU

Il Developing Asia

[ Middle East

[ Africa

[ Central and South America

Source: Energy Information Administration, Office of Integrated Analysis and Forecasting.
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=Africa (10 percent of the 2001 world population):
Algeria, Angola, Benin, Botswana, Burkina Faso,
Burundi, Cameroon, Cape Verde, Central African
Republic, Chad, Comoros, Congo (Brazzaville),
Congo (Kinshasa), Dijibouti, Egypt, Equatorial
Guinea, Eritrea, Ethiopia, Gabon, Gambia, Ghana,
Guinea, Guinea-Bissau, lvory Coast, Kenya, Lesotho,
Liberia, Libya, Madagascar, Malawi, Mali, Maurita-
nia, Mauritius, Morocco, Mozambique, Namibia,
Niger, Nigeria, Reunion, Rwanda, Sao Tome and
Principe, Senegal, Seychelles, Sierra Leone, Somalia,
South Africa, St. Helena, Sudan, Swaziland,
Tanzania, Togo, Tunisia, Uganda, Western Sahara,
Zambia, and Zimbabwve.

=Central and South America (6 percent of the 2001
world population): Antarctica, Antigua and
Barbuda, Argentina, Aruba, Bahama Islands, Barba-
dos, Belize, Bolivia, Brazil, British Virgin Islands,
Cayman Islands, Chile, Colombia, Costa Rica, Cuba,
Dominica, Dominican Republic, Ecuador, El Salva-
dor, Falkland Islands, French Guiana, Grenada,
Guadeloupe, Guatemala, Guyana, Haiti, Honduras,
Jamaica, Martinique, Montserrat, Netherlands Antil-
les, Nicaragua, Panama Republic, Paraguay, Peru, St.
Kitts-Nevis, St. Lucia, St. Vincent/Grenadines, Suri-
name, Trinidad and Tobago, Turks and Caicos
Islands, Uruguay, and Venezuela.

In addition, the following commonly used country
groupings are referenced in this report:

<Annex | Countries (countries participating in the
Kyoto Climate Change Protocol on Greenhouse Gas
Emissions): Australia, Austria, Belgium, Bulgaria,
Canada, Croatia, Czech Republic, Denmark, Estonia,
European Community, Finland, France, Germany,

Greece, Hungary, Iceland, lIreland, Italy, Japan,
Latvia, Liechtenstein, Lithuania, Luxembourg,
Monaco, the Netherlands, New Zealand, Norway,
Poland, Portugal, Romania, Russia, Slovakia,
Slovenia, Spain, Sweden, Switzerland, Ukraine, and
the United Kingdom.!

eEuropean Union (EU): Austria, Belgium, Denmark,
Finland, France, Germany, Greece, Ireland, Italy,
Luxembourg, the Netherlands, Portugal, Spain, Swe-
den, and the United Kingdom.

=Mercosur Trading Block: Argentina, Brazil, Para-
guay, and Uruguay. Chile and Bolivia are Associate
Members.

<North American Free Trade Agreement (NAFTA)
Member Countries: Canada, Mexico, and the United
States.

=Organization for Economic Cooperation and
Development (OECD): Australia, Austria, Belgium,
Canada, Czech Republic, Denmark, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy,
Japan, Luxembourg, Mexico, the Netherlands, New
Zealand, Norway, Poland, Portugal, Slovakia, South
Korea, Spain, Sweden, Switzerland, Turkey, the
United Kingdom, and the United States.

eOrganization of Petroleum Exporting Countries
(OPEC): Algeria, Indonesia, Iran, Iraq, Kuwalit,
Libya, Nigeria, Qatar, Saudi Arabia, the United Arab
Emirates, and Venezuela.

=Pacific Rim Developing Countries: Hong Kong,
Indonesia, Malaysia, Philippines, Singapore, South
Korea, Taiwan, and Thailand.

<Persian Gulf: Bahrain, Iran, Irag, Kuwait, Qatar,
Saudi Arabia, and the United Arab Emirates.

Objectives of the IEO2002 Projections

The projections in IEO2002 are not statements of what will happen, but what might happen given the specific
assumptions and methodologies used. These projections provide an objective, policy-neutral reference case
that can be used to analyze international energy markets. As a policy-neutral data and analysis organization,
EIA does not propose, advocate, or speculate on future legislative and regulatory changes. The projections are
based on current U.S. and foreign government policies. Assuming current policies, even knowing that changes
will occur, will naturally result in projections that differ from the final data.

Models are abstractions of energy production and consumption activities, regulatory activities, and producer
and consumer behavior. The forecasts are highly dependent on the data, analytical methodologies, model
structures, and specific assumptions used in their development. Trends depicted in the analysis are indicative
of tendencies in the real world rather than representations of specific real-world outcomes. Even where trends
are stable and well understood, the projections are subject to uncertainty. Many events that shape energy mar-
kets are random and cannot be anticipated, and assumptions concerning future technology characteristics,
demographics, and resource availability cannot be known with certainty.

ITurkey and Belarus are Annex | nations that have not ratified the Framework Convention on Climate Change and did not commit to
quantifiable emissions targets under the Kyoto Protocol. In 2001, the United States withdrew from the Protocol, and Kazakhstan requested
that it be added to the list of Annex | countries.
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Highlights

World energy consumption is projected to increase by 60 percent from 1999 to 2020.
Much of the growth in worldwide energy use is expected in the
developing world in the IEO2002 reference case forecast.

In the reference case projections for the International
Energy Outlook 2002 (IEO2002), world energy consump-
tion is projected to increase by 60 percent over a 21-year
forecast horizon, from 1999 to 2020. Worldwide energy
use grows from 382 quadrillion British thermal units
(Btu) in 1999 to 612 quadrillion Btu in 2020 (Figure 2).
Energy markets were influenced by a host of develop-
ments in 2001, including high world oil prices that per-
sisted from 2000 into the first part of 2001 and then
weakened substantially in the third quarter of the year; a
global economic slowdown led by a mild recession in
the United States; and the aftermath of the terrorist
attacks on the United States on September 11, 2001.

Despite the events of the past year, much of the growth
in worldwide energy use is still expected in the develop-
ing world, as it has been in past editions of this outlook
(Figure 3). In particular, energy demand in developing
Asia and Central and South America is projected to
more than double between 1999 and 2020. Both of these
regions are expected to sustain energy demand growth
of about 4 percent annually throughout the forecast,
accounting for about half of the total projected incre-
ment in world energy consumption and 83 percent of the
increment for the developing world alone.

Figure 2. World Energy Consumption, 1970-2020
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Sources: History: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Statistics
Database and International Energy Annual 1999, DOE/EIA-
0219(99) (Washington, DC, February 2001). Projections:
EIA, World Energy Projection System (2002).

High world oil prices carried into 2001 from the previ-
ous year, and for the first half of the year they remained
within—and, during day trading, occasionally spiked
above—the $22 to $28 per barrel price band that the
Organization of Petroleum Exporting Countries (OPEC)
has defined as its preferred range. Although prices
spiked initially after the September 11 terrorist attacks
launched on the United States, oil demand weakened
substantially in the weeks and months that followed the
attacks, and OPEC found it difficult to hold prices much
above the $22 per barrel mark. Even after three produc-
tion quota cuts amounting to 3.5 million barrels per day
were made in 2001, prices did not strengthen. At the end
of 2001, OPEC entered into a protracted negotiation with
key non-OPEC producers aimed at reducing oil exports
enough to shore up the world market price. OPEC mem-
bers (excluding Iraq) agreed to cut 1.5 million barrels of
production, and non-OPEC producers Angola, Norway,
Mexico, Oman, and Russia agreed to take a combined
462,500 barrels per day out of the export market begin-
ning in January 2002.

The U.S. refiner acquisition cost of imported crude oil
fell from $27.72 per barrel in 2000 to an estimated
$22.05 per barrel in 2001 (hominal dollars). The IEO2002

Figure 3. World Energy Consumption by Region,
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Sources: History: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Statistics
Database and International Energy Annual 1999, DOE/EIA-
0219(99) (Washington, DC, February 2001). Projections:
EIA, World Energy Projection System (2002).
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reference case expects world oil prices to moderate in
2002 and return to the price trajectory anticipated in last
year’s outlook for the mid-term. World oil prices are
expected to reach $25 per barrel in 2000 dollars ($42 per
barrel in nominal dollars) at the end of the projection
period. This year’s projection for world oil prices is
slightly higher than last year’s projection (Figure 4),
reflecting the successes OPEC had in managing oil pro-
duction cutbacks to raise oil prices in 2000, along with a
more optimistic mid-term outlook for demand in the
world’s developing countries.

Outlook for World Energy Demand

Much of the industrialized world experienced economic
slowdown in 2001, led by what is estimated to have been
a recession in the United States since March 2001. The
lowered economic activity in the industrialized world
will have short-term impacts on the rest of the world as
demand for products and services from developing
countries slows in response. Lowered demand for com-
puter equipment has already nudged high-tech export-
ers South Korea and Taiwan into recession. The
mid-term forecast assumes that the recession will not be
protracted in the United States, and that gross domestic
product (GDP) growth and energy demand growth will
rebound and will largely resume the trend projected in
last year’s outlook. The IEO2002 reference case expects
that energy consumption in the industrialized world
will grow by 1.3 percent per year between 1999 and 2020,
slightly higher than the 1.2 percent per year projected in
last year’s report.

Figure 4. Comparison of 2001 and 2002 World Oil
Price Projections
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Sources: History: Energy Information Administration (EIA),
Annual Energy Review 2000, DOE/EIA-0384(2000) (Washing-
ton, DC, July 2001). [EO2001: EIA, International Energy Out-
look 2001, DOE/EIA-0484(2001) (Washington, DC, March
2001). IEO2002: 1999-2002—EIA, Short-Term Energy Out-
look, on-line version (February 7, 2002), web site www.
eia.doe.gov/emeul/steo/pub/contents.html.  2003-2020—EIA,
Annual Energy Outlook 2002, DOE/EIA-0383(2002) (Washing-
ton, DC, December 2001).

One of the few bright spots among the world’s regional
economies in 2001 was the former Soviet Union (FSU),
where GDP registered a second year of positive growth
for every nation in the region. High oil prices and a
devalued ruble helped Russia—the region’s largest
economy—ypost strong economic gains by boosting per-
formance in the country’s industrial sector. As the ruble
regained value in 2001, the manufacturing sector slowed
somewhat (as imported goods once again could com-
pete with domestic goods), but high world oil prices in
the first three quarters of the year helped Russia return
to a GDP growth rate of 5.3 percent.

Ukraine, the second largest economy in the FSU, also
reported positive economic growth in 2001—only its
second year of positive GDP since the dissolution of the
Soviet Union in 1989. Ukraine is a net importer of oil,
and the high world oil prices did not benefit its econ-
omy. Instead, fiscal reform and strong growth in indus-
trial output, construction activity, agriculture, and
exports, along with fast-paced growth in domestic con-
sumption and investment, helped to fuel Ukraine’s eco-
nomic growth. The improving economic outlook for
Russia and the rest of the FSU suggests a more sustained
period of growth for the region and is expected to result
in energy demand growth for the region of 1.8 percent
per year between 1999 and 2020, reaching 57 quadrillion
Btu at the end of the forecast (Figure 5).

Worldwide, oil consumption rose by less than 100,000
barrels per day in 2001, divided evenly among the
industrialized (mainly Western Europe) and developing
(mainly Central and South America) nations. Demand is
expected to begin to recover in 2002 as the world econo-
mies begin to recover from the slowdown in 2001, and

Figure 5. Percent Change in Energy Consumption
and GDP in the Former Soviet Union
0 Percent Change

B Energy EGDP

History Projections

1970- 1980- 1990- 1999- 2010-
1980 1990 1999 2010 2020

Sources: DRI-WEFA World Economic Outlook 2001, Third
Quarter; Energy Information Administration (EIA), International
Energy Annual 1999, DOE/EIA-0219(99) (Washington, DC,
February 2001); and EIA, World Energy Projection System
(2002).
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global oil demand is projected to expand by about
600,000 barrels per day in 2002. The increases in world-
wide oil use projected in the reference case would
require an increment of almost 44 million barrels per day
over current productive capacity. OPEC producers are
expected to be the major beneficiaries of increased pro-
duction requirements, but non-OPEC supply is
expected to remain competitive, with major increments
of supply coming from offshore resources, especially in
the Caspian Basin, Latin America, and deepwater West
Africa. Deepwater exploration and development initia-
tives are generally expected to be sustained worldwide,
with the offshore Atlantic Basin emerging as a major
future source of oil production in both Latin America
and Africa.

World Energy Consumption by Energy Source

Throughout the past several decades, oil has been the
world’s dominant source of primary energy consump-
tion, and it is expected to remain in that position with a
40-percent share of total energy consumption over the
1999-2020 period (Figure 6). The oil share of the world
energy pie does not increase in the forecast because
countries in many parts of the world are expected to
switch from oil to natural gas and other fuels, particu-
larly for electricity generation. Its share of total energy
consumption is expected to remain constant because of
its predominance in the transportation sector, where
energy use is projected to grow robustly over the next
two decades. World oil consumption is projected to
increase by 2.2 percent annually over the 21-year projec-
tion period, from 75 million barrels per day in 1999 to
119 million barrels per day in 2020.

Figure 6. World Energy Consumption
by Fuel Type, 1970-2020
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EIA, World Energy Projection System (2002).

Nuclear

Although the nations of the industrialized world con-
tinue to consume more of the world’s petroleum prod-
ucts than do those of the developing world, the gap is
projected to narrow considerably over the forecast
period. In 1999, developing nations consumed 58 per-
cent of the amount of oil consumed in the industrialized
world, but by 2020 they are expected to consume almost
90 percent as much oil as the industrialized world. The
increase in oil use in the industrialized world is expected
to occur predominantly in the transportation sector,
where there are presently few economically competitive
alternatives to oil. In the developing world, oil demand
is projected to grow in all end-use sectors. As the energy
infrastructures of emerging economies improve, people
are turning from traditional fuels like wood burning for
heating and cooking to electricity, and additional petro-
chemical feedstocks are being used for industry.

The fastest growing source of energy consumption in the
IEO2002 reference case is projected to be natural gas.
Over the 1999-2020 forecast period, gas use is projected
to nearly double in the reference case, reaching 162 tril-
lion cubic feet in 2020. Natural gas use surpassed coal
use (on a Btu basis) for the first time in 1999, and by 2020
it is expected to exceed coal use by 38 percent (Figure 7).
The natural gas share of total energy consumption is
projected to increase from 23 percent in 1999 to 28 per-
cent in 2020, and natural gas is expected to account for
the largest increment in electricity generation (increas-
ing by 33 quadrillion Btu and accounting for 43 percent
of the total increment in energy use for electricity gener-
ation). Much of the projected growth in natural gas con-
sumption throughout the world is in response to rising
demand for natural gas to fuel efficient new gas turbine

Figure 7. World Energy Consumption Shares
by Fuel Type, 1970, 1999, 2010, and 2020
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power plants. Gas use is increasing for a number of addi-
tional reasons, including price, environmental concerns,
fuel diversification and/or energy security issues, mar-
ket deregulation (for both gas and electricity), and over-
all economic growth.

In the industrialized world, natural gas is expected to
make a greater contribution to incremental energy con-
sumption among the major fuels, increasingly becoming
the choice for new power generation because of its envi-
ronmental and economic advantages. In the developing
countries, increments in gas use are expected to supply
both power generation and industrial uses. The IEO2002
reference case projects particularly robust growth in nat-
ural gas use in the developing world, averaging 5.3 per-
cent per year between 1999 and 2020, reflecting the
growing popularity of the fuel, as well as the expectation
that the relatively immature gas markets of emerging
countries will develop quickly over the coming years.

World coal use has been in a period of generally slow
growth since the 1980s, and the trend is expected to con-
tinue through the projection period. The projected slow
growth in coal consumption, averaging 1.7 percent per
year through 2020, suggests that coal will account for a
shrinking share of world energy consumption. In 1999,
coal provided 22 percent of world primary energy con-
sumption, down from 27 percent in 1985. In the IEO2002
reference case, the coal share of total energy consump-
tion is projected to fall to 20 percent by 2020. The
expected decline in coal’s share of energy use would be
even greater were it not for large increases in energy use
projected for developing Asia, where coal continues to
dominate many fuel markets, especially in China and
India. As very large countries in terms of both popula-
tion and land mass, China and India are projected to
account for 83 percent of the total expected increase in
coal use worldwide (on a Btu basis).

Coal consumption is heavily concentrated in the electric-
ity generation sector. Almost 65 percent of the world’s
coal use is for electricity generation, and power genera-
tion accounts for virtually all the projected growth in
coal consumption worldwide. One exception is China,
where coal continues to be the main fuel in a rapidly
growing industrial sector, reflecting the country’s abun-
dant coal reserves and limited access to other sources of
energy. Consumption of coking coal is projected to
decline slightly in most regions of the world as a result of
technological advances in steelmaking, increasing out-
put from electric arc furnaces, and continuing replace-
ment of steel by other materials in end-use applications.

Although past editions of this report have projected
declines in nuclear electricity consumption, higher
capacity utilization and fewer expected retirements of
existing plants have resulted in a revision to the expecta-
tions for a decline in consumption. Extensions of operat-
ing licenses (or the equivalent) for nuclear power plants

are expected to be requested and granted among the
countries of the industrialized world. With more of the
existing nuclear power plants expected to remain in
operation, the projected decline in nuclear generation is
slowed. In the IEO2002 reference case, world nuclear
capacity is projected to rise from 350 gigawatts in 2000 to
363 gigawatts in 2010 before falling to 359 gigawatts in
2020.

The highest growth in nuclear generation is projected
for the developing world, where consumption of elec-
tricity from nuclear power is projected to increase by 4.7
percent per year between 1999 and 2020. In particular,
developing Asia is expected to see the greatest expan-
sion in new nuclear generating capacity. The nations of
developing Asia account for half the reactors currently
under construction worldwide, including eight in
China, four in South Korea, two in India, and two in
Taiwan.

Renewable energy use is expected to increase by 53 per-
cent between 1999 and 2020, but its current 9-percent
share of total energy consumption is projected to drop
slightly to 8 percent by 2020. Over the forecast horizon,
growth in renewable energy resources is expected to
continue to be constrained by relatively moderate fossil
fuel prices. Renewable energy consumption is expected
to be driven by new, large-scale hydroelectric projects,
particularly in China, India, Malaysia, and other devel-
oping Asian countries. In 2001, construction on mega-
hydro projects like China’s 18,200-megawatt Three
Gorges Dam and Malaysia’s 2,400-megawatt Bakun con-
tinued amidst criticism of their environmental impacts
and concerns about the welfare of the people being relo-
cated to accommodate the projects.

The world’s use of electricity is projected to increase by
two-thirds over the forecast horizon, from 13 trillion
kilowatthours in 1999 to 22 trillion kilowatthours in
2020. The strongest growth rates in electricity consump-
tion are projected for developing Asia, where electricity
consumption is expected to grow by 4.5 percent per year
as robust economic growth increases the demand for
electricity to run newly purchased air conditioners,
refrigerators, stoves, space heaters, and water heaters. In
the industrialized world, electricity consumption is
expected to grow at a more modest pace. Slower popula-
tion and economic growth, along with the market satu-
ration of certain electronic appliances (such as air
conditioners) and efficiency gains from electrical appli-
ances help to explain the expected slower growth of elec-
tricity use in the industrialized nations, although
growing computer usage and the introduction of new
electronic devices could moderate that trend somewhat
in the future.

There have been two important developments in the
electricity sector in recent years that may affect the way
the industry works in the future. The first is the
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increasing role of foreign direct investment in the devel-
oping regions of the world. Greater access to foreign
investment in the electricity sector has allowed develop-
ing nations to construct the infrastructure needed for
substantial increases in access to electricity, a particular
problem for many developing nations. A second impor-
tant component of the electric industry’s evolution over
the past several years is electricity reform. Many devel-
oping countries have implemented reforms to the rules
governing electricity generation and distribution in an
effort to secure the foreign direct investment they need
to modernize and improve the electricity infrastructure.
In industrialized countries, many nations have under-
taken electricity reforms to introduce greater competi-
tion in domestic markets in an effort to reduce the costs
of electricity to consumers.

Outlook for Transportation Energy Use

The past year saw a reversal of the high prices and tight
markets that characterized the energy industry in 2000.
Transportation demand growth in 2001 is likely to be the
lowest in several years, with slowing economic growth
moderating growth in world oil demand even before the
September 11 terrorist attacks on the United States.
Despite the recent pressure on transportation fuels from
oil prices that hit 10-year highs in 2000, transportation
energy use is expected to continue robust growth over
the next two decades, especially in the developing
world, where relatively immature transportation infra-
structures are expected to grow rapidly as national and
regional economies expand. In the IEO2002 reference
case, energy use for transportation is projected to
increase by 3.8 percent per year in the developing world,
compared with average annual increases of 1.7 percent
for the industrialized countries, where transportation

Figure 8. Motorization Levels in Selected
Countries, 1999 and 2020
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systems are largely established and motorization levels
(per capita vehicle ownership) are, in many nations,
expected to reach saturation levels over the 21-year fore-
cast horizon.

In urban centers of the developing world, car ownership
is often seen as one of the first symbols of emerging pros-
perity. Per capita motorization in much of the develop-
ing world is projected to more than double between 1999
and 2020, although population growth is expected to
keep motorization levels low relative to those in the
industrialized world. For example, the U.S. per capita
motorization level in 2020 is projected at 797 vehicles per
thousand persons, but in China—where motorization is
expected to grow fivefold over the forecast horizon—the
projected motorization level in 2020 is only 52 vehicles
per thousand persons (Figure 8).

Carbon Dioxide Emissions

Because estimates indicate that approximately 80 per-
cent of all human-caused carbon dioxide emissions cur-
rently come from fossil fuel combustion, world energy
use has emerged at the center of the climate change
debate. In the IEO2002 reference case, world carbon
dioxide emissions are projected to rise from 6.1 billion
metric tons carbon equivalent in 1999 to 7.9 billion met-
ric tons per year in 2010 and to 9.9 billion metric tons in
2020 (Figure 9). Much of the projected increase in carbon
dioxide emissions is expected to occur in the developing
world, where emerging economies are expected to pro-
duce the largest increases in energy consumption.
Developing countries alone account for 77 percent of
the projected increment in carbon dioxide emissions
between 1990 and 2010 and 72 percent between 1990 and
2020. Continued heavy reliance on coal and other fossil

Figure 9. World Carbon Dioxide Emissions by
Fossil Fuel, 1970-2020
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fuels, as projected for the developing countries, would
ensure that even if the industrialized world undertook
efforts to reduce carbon dioxide emissions, worldwide
carbon dioxide emissions would still grow substantially
over the forecast horizon.

Energy Intensity

The IEO2002 projections, like all forecasts, are accompa-
nied by a measure of uncertainty. One way to quantify
the uncertainty is to consider the relationship between
energy consumption and growth in gross domestic
product (that is, energy intensity) over time. In the
industrialized countries, history shows the link between
energy consumption and economic growth to be a rela-
tively weak one, with growth in energy demand lagging
behind economic growth. In the developing countries,
the two have been more closely correlated, with energy
demand growing in parallel with economic expansion.

In the IEO2002 forecast, energy intensity in the industri-
alized countries is expected to improve (decrease) by 1.3
percent per year between 1999 and 2020, about the same
rate of improvement observed in the region between
1970 and 1999. Energy intensity is also projected to
improve in the developing countries—by 1.2 percent per
year—as their economies begin to behave more like
those of the industrialized countries as a result of
improving standards of living that accompany the pro-
jected economic expansion (Figure 10). For more than
three decades, the EE/FSU has maintained a much
higher level of energy intensity than either the indus-
trialized or developing countries. Over the forecast

Figure 10. World Energy Intensity by Region,
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horizon, energy intensity is expected to improve in the
EE/FSU region in concert with expected recovery from
the economic and social declines of the early 1990s;
however, it is still expected to be twice as high as in the
developing world and five times as high as in the indus-
trialized world.

Carbon Intensity

Carbon intensity—the amount of carbon dioxide emit-
ted per dollar of GDP—is also projected to improve
throughout the world over the next two decades (Figure
11). The most rapid improvements are, for the most part,
projected for the transitional economies of the EE/FSU.
In the FSU, economic recovery from the upheaval of the
1990s is expected to continue throughout the forecast.
The FSU nations are also expected to replace old and
inefficient capital stock and increasingly use less car-
bon-intensive natural gas for electricity generation and
other end uses in place of more carbon-intensive oil and
coal.

In developing Asia, China and India are also expected to
see fairly rapid improvements in carbon intensity over
the projection period, primarily as a result of rapid eco-
nomic growth rather than a switch to less carbon-
intensive fuels. Both China and India are expected to
continue their heavy dependence on fossil fuels, espe-
cially coal, in the IEO2002 reference case forecast, but
their combined annual GDP growth is projected to aver-
age 6.6 percent, compared with an expected 4.4-percent
annual rate of increase in fossil fuel use from 1999 to
2020.

Figure 11. Carbon Intensity in Selected Countries
and Regions, 1999 and 2020
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World Energy Consumption

The IEO2002 projections indicate continued growth in world energy use,
including large increases for the developing economies of Asia and South America.
Energy resources are thought to be adequate to support the growth expected through 2020.

The International Energy Outlook 2002 (IEO2002) presents
the Energy Information Administration (EIA) outlook
for world energy markets to 2020. Current trends in
world energy markets are discussed in this chapter, fol-
lowed by a presentation of the IEO2002 projections for
energy consumption by primary energy source and for
carbon emissions by fossil fuel. Uncertainty in the fore-
cast is highlighted by an examination of alternative
assumptions about economic growth and their impacts
on the IEO2002 projections and how future energy inten-
sity trends could influence the reference case projec-
tions. The chapter ends with a comparison of the
IEO2002 projections with forecasts available from other
organizations.

Current Trends
in World Energy Demand

Between 1999 and 2020, total world energy use is pro-
jected to grow from 382 quadrillion British thermal units
(Btu) to 612 quadrillion Btu (Figure 12 and Table 1)—a
60-percent increase—in the IEO2002 reference case pro-
jection. Energy markets in 2001 were affected by a host
of developments and events, including high world oil
prices that continued from 2000 into the first half of the
year and then weakened substantially toward the end of
the year; a global economic slowdown led by the United
States; and the aftermath of the terrorist attacks on the
United States on September 11, 2001.

For much of 2001, world oil prices remained in the news,
with prices within or slightly above the price range of

$22 to $28 per barrel that the Organization of Petroleum
Exporting Countries (OPEC) considers optimal (Figure
13). After September 11, oil prices initially spiked, but a
substantial lowering of demand in the weeks and
months that followed made it difficult for OPEC to hold
prices much above the $22 per barrel level [1]. An OPEC
meeting on September 26-27 did not result in an
anticipated oil production cut to shore up prices, which
were beginning to fall even before the terrorist attacks.

Figure 12. World Energy Consumption, 1970-2020
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Table 1. World Energy Consumption and Carbon Dioxide Emissions by Region, 1990-2020

Energy Consumption
(Quadrillion Btu)

Carbon Dioxide Emissions
(Million Metric Tons Carbon Equivalent)

Region 1990 | 1999 | 2010 | 2020 1990 | 1999 2010 2020
Industrialized Countries . . . . .. 1827 2097 2466 2778 2849 3129 3692 4,169
EE/FSU ... 763 50.4 61.8 734 1,337 810 978 1,139
Developing Countries .. ... ... 872 1218 1841 2603 1,641 2158 3241 4,542

ASIa . 51.0 709 1139 1622 1053 1,361 2139 3,017
Middle East ................ 13.1 19.3 263 348 231 330 439 566
Affica . ... 9.3 11.8 157 203 179 218 287 365
Central and South America . . .. 13.7 19.8 28.3 43.1 178 249 377 595
Total World . ................ 3462 3819 4926 6115 5827 6097 7,910 9850

Sources: 1990 and 1999: Energy Information Administration (EIA), International Energy Annual 1999, DOE/EIA-0219(99)
(Washington, DC, February 2001). Projections: EIA, World Energy Projection System (2002).
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The organization was concerned about maintaining
stable oil markets after the attacks.

OPEC experienced some difficulties in trying to main-
tain its desired price band both before and after the Sep-
tember attacks. The slowing U.S. economy had already
reduced the demand for oil, and the cartel reduced oil
production quotas by a combined 3.5 million barrels per
day in three separate instances before the terrorist
attacks [2]. In mid-November 2001, the OPEC member
nations met again to discuss ways to boost sagging oil
prices that had fallen to as low as $18 per barrel and had
dipped even lower in day trading. OPEC announced it
would cut production by another 1.5 million barrels per
day, beginning in January 2002, but only on condition
that key non-OPEC oil suppliers, Mexico, Oman, Russia,
and Norway, would also cut production. Angola and
Kazakhstan also indicated a willingness to consider cut-
ting exports [3]. OPEC wanted non-OPEC suppliers to
remove a combined 500,000 barrels per day from the
market.

Russia proved to be the single holdout against OPEC’s
demands for a production cutback, initially offering to
cut only 50,000 barrels per day in production [4]. OPEC
had hoped for a Russian cut of between 100,000 to
150,000 barrels per day. Some analysts thought there
could be a price war in early 2002, with Saudi Arabia and
Russia—the two largest oil producers in the world—
vying for market share. Finally, on December 5, Russia
announced that it would cut its oil exports by some 5
percent, or the 150,000 barrels per day that OPEC had
requested, beginning in January 2002 [5].

The degree of compliance among the OPEC and
non-OPEC members who struck the December 2001
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agreement remained uncertain as IEO2002 went to print.
The OPEC member countries (not including lIraq) suc-
ceeded in reducing their oil production by an estimated
1 million barrels per day in January 2002 [6]. Non-OPEC
members had mixed success, however, in meeting their
commitments to reduce oil production. The future for
supply cuts is also uncertain. Norway has announced
that it will continue its pledged supply cut at least until
the end of June 2002, but Russia has not yet decided
whether to extend its pledge to cut 150,000 barrels per
day for a second quarter [7]. OPEC has indicated that its
cuts may remain in place until 2003 if demand and prices
remain weak.

With the terrorist attacks and the ensuing war launched
in Afghanistan against the Al Qaeda terrorist network
and the ruling Taliban regime, the short-term outlook
for world economic and energy growth is fraught with
even more uncertainty than normal. The mid-term out-
look will also be affected by developments in the Ameri-
can-led anti-terrorist actions, an outlook that is difficult
to assess in early 2002.

Nevertheless, IEO2002 expects that the regional trends
underlying the reference case in past editions of this
report will not be substantially altered. The IEO2002 ref-
erence case forecast still shows the fastest pace of growth
in energy demand over the next two decades in the
developing world, with developing Asia and Central
and South America leading the way (Figure 14) as the
economies in the two regions continue to develop and
their consuming patterns increasingly come to resemble
those of the industrialized world.

Developing countries as a whole are projected to
account for 60 percent of the increment in total energy

Figure 14. Energy Consumption in the Developing
World by Region, 1970-2020
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use over the projection period, compared with the
industrialized world’s 30 percent (Figure 15). The
emerging, transitional economies of Eastern Europe and
the former Soviet Union (EE/FSU) account for the
remainder.

Even before the events of September 11, the U.S. econ-
omy was showing signs of slipping, and many analysts
believe the attacks in September virtually ensured that
the country would be pushed into recession. In fact, the
National Bureau of Economic Research declared in late
November that a recession had begun in the United
States as early as March 2001 [8]. Recession in the United
States clearly has implications for international markets
and, in turn, the demand for energy worldwide. Slowing
markets in the United States mean a lowered demand
for imports. The technology sector, spurred by a spate of
computer upgrades because of Y2K-related fears in
1999, had slowed dramatically by 2001, resulting in
slower economic growth for many Asian, technol-
ogy-exporting countries, such as South Korea and Tai-
wan, which provide much of the computer equipment
for the United States and other parts of the industrial-
ized world [9].

The negative impact of the slowing U.S. economy on the
markets of the developing world is expected to be made
even worse because of the persistent Japanese recession
and a slowing of the economies of Western Europe. With
virtually all of the industrialized world slowing, or
already in full recession, it will be difficult for the devel-
oping world to resist an economic turndown as well.
Japan’s economy was stagnant or in decline for much of
2001, and many analysts feel that the country is in yet
another of a series of recessions that have plagued it for

Figure 15. Energy Consumption by Region,
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the past several years. Deflation continues to be
problematic for Japan, as it has been since 1996, and con-
sumers are reluctant to spend while the true value of
their assumed debt continues to expand [10]. Thus far,
Prime Minister Koizumi’s efforts to shift government
fiscal policy away from public works projects and
toward economic reforms have not been successful.

The Western European economies also began to show
signs of recession or of economic slowdown in 2001. The
European Central Bank (ECB) resisted cutting interest
rates for the first quarter of 2001, but as the slowing eco-
nomic performance became clear, the Governing Coun-
cil agreed to cut interest rates by a total of 150 basis
points between May and November in four separate
instances. Two of the cuts were made after September
11, and the ECB Governing Council stated that its cut on
September 17 was being made because the terrorist acts
on the United States would be likely to “weigh adversely
on confidence in the euro arena, reducing the short-term
outlook for domestic growth” and to increase inflation-
ary risks [11].

In Germany, Western Europe’s largest economy, gross
domestic product (GDP) growth fell to 0.8 percent in
2001, from 3.2 percent in 2000. Even before the Septem-
ber 11 terrorist attacks, the German economy showed
signs of weakening, with year-to-year growth slowing
from 1.8 percent in the first quarter of 2001 to 0.6 percent
in the second quarter and 0.3 percent in the third [12].
Analysts speculated that the country would soon be in a
recession. Tax cuts in 2001 helped to soften the impact of
Germany’s slowing economy in 2001, and the govern-
ment is considering moving up the time frame for
implementing further cuts originally scheduled for the
period 2003 to 2005, in an attempt to stimulate economic
recovery.

Other countries in Western Europe were also showing
signs of weakening. Tax cuts helped to boost consumer
spending in France in the first part of 2001, but weaken-
ing manufacturing output related to lowered export
demand after the terrorist attacks in the United States is
expected to make it difficult for France to maintain its
pace of economic growth into 2002 [13]. Modest growth
was reported in Italy and the United Kingdom, but
export growth slowed substantially after September in
both countries [14].

Developing Asia (outside of China and India) is particu-
larly vulnerable to fluctuations in the economies of the
industrialized world, because many Asian countries
largely depend on revenues from exports to industrial-
ized countries. In particular, the United States is the larg-
est export market for most Asian countries, and the U.S.
recession has already had adverse impacts on the Asian
markets. Singapore and Taiwan have suffered income
contractions, and Hong Kong and Malaysia are near
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recession, with South Korea, Thailand, and Indonesia
reporting slowing economic growth [15].

Exports from the developing Asian countries have uni-
formly declined. The demand for electronic technologies
has not rebounded from the declines in 2000, which has
hurt the economies of technology producers South
Korea, Taiwan, Singapore, and Malaysia, resulting in a
20-percent decline in exports at the end of 2001. Even
China and Indonesia—countries that are less dependent
on technology-oriented exports—have suffered from
the global economic slowdown in 2001. China’s exports
grew by 4 percent in the third quarter of 2001, compared
with 25 percent during the same period in 2000. In Indo-
nesia, exports declined by 10 percent in the third quarter
of 2001, compared with 25-percent growth in the third
quarter of 2000.

Not surprisingly, the terrorist attacks have made the
economic situation in developing Asia even worse.
With expectations that the U.S. recession will be pro-
longed and growth in exports will not revive quickly,
the economic slowdown in developing Asia is expected
to continue well into 2002. Moreover, international ten-
sions are likely to have an adverse impact on tourism
which will further harm the economies of Hong Kong,
Singapore, and Thailand, where tourism accounts for
more than 6 percent of GDP in each country [16]. Amidst
worries of prolonged recessions among the developing
Asian nations, domestic consumer demand has weak-
ened as well, adding to the problems of the regional
economies.

China has fared better than its neighbors, mostly
because of the large state-sector investment expansion
and stable private-sector consumption growth. Between
1998 and 2000, the Chinese government issued $43 bil-
lion worth of special bonds to finance investment in the
public infrastructure and indicated that it may issue
another $18 billion in 2001 and 2002 to ensure that eco-
nomic growth continues [17]. China’s GDP increased by
7.6 percent in the first three quarters of 2001, and it is
expected to slip only slightly in 2002, to 7.2 percent. That
said, China’s accession into the World Trade Organiza-
tion at the end of 2001 is expected to result in a
short-term adverse impact on the economy, with fears
that foreign competition may test China’s often ineffi-
cient state-owned firms [18].

India has also thus far weathered the global economic
slowdown fairly well, reporting higher than expected
increments in income in 2001. At present, there are
increasing signs of a slowdown in India as the growth in
exports continues to decline and consumer spending
also begins to falter. Passenger car sales in India fell by
22 percent between September 2000 and September
2001, and sales of commercial vehicles fell by 6 percent
over the same time frame [19].

The slowdown in the industrialized countries’ econo-
mies has affected the performance of economies in Cen-
tral and South America. However, in two of the larger
economies of the region, Brazil and Argentina, other cir-
cumstances have exacerbated the short-term economic
risk. In Brazil, the largest economy of South America
and the world’s sixth largest economy, a persistent
drought continued in 2001, leading to reduced industrial
output as the government imposed a 20-percent cut in
power use as part of its rationing program, in an effort to
avoid blackouts [20]. Brazil’s plan to diversify the elec-
tricity mix of the country by increasing thermal genera-
tion, particularly in terms of natural-gas-fired capacity,
took on more urgency in 2001, partly in response to the
ongoing threat of drought in a country that normally
generates more than 80 percent of its electricity from
hydropower. Reservoir levels fell 28 percent below
capacity in key consuming regions of the country in the
fall of 2001.

In 2001, the vulnerability of Brazil’s electricity supply, in
consort with the slowing industrial economies, led to
reduced foreign investment, which had been a key con-
tributor to the success of the nation’s economy in 2000.
With substantial support of foreign direct investment,
the Brazilian government was able to handle a large cur-
rent account deficit and was given a fair amount of lati-
tude in the way it conducted monetary policy [21]. The
central bank of Brazil increased interest rates in an
attempt to limit the depreciation of the Brazilian real, but
Brazil’s benchmark interest rate (known as Selic)
reached 19 percent in early 2002. With substantially
lower exports in the face of the U.S. and world economic
slowdown that began in 2001, growth in Brazil’s GDP
was only 1.5 percent in 2001 and is expected to be only
1.9 percent in 2002, compared with 4.5 percent in 2000
[22].

Argentina is another key economy of the Central and
South America region, but it has also experienced sev-
eral difficult economic years. When the Brazilian real
was devalued in 1999, the close economic relationship
between the two countries resulted in recessionary
problems for the U.S. dollar-pegged Argentine currency.
In fact, the country remained in the recession it has now
been struggling with for more than 4 years. In early Sep-
tember 2001, the International Monetary Fund (IMF)
lent assistance to Argentina, approving an increase of
the country’s available credit to $22 billion in an attempt
to stabilize the economy and to help attract investment
and improve output [23]. Subsequently, however, the
IMF decided to withhold some $1.26 billion in payments
to Argentina in December when it became concerned
that the country had not implemented sufficient auster-
ity measures [24].

The Argentine financial situation deteriorated so much
that President de la Rua resigned in December 2001, and
three new presidents were sworn in and resigned in
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quick succession until Eduardo Duhalde took the office
[25]. Duhalde announced a devaluation of the Argentine
peso which would no longer be pegged to the U.S. dol-
lar. The country also defaulted on a $28 million payment
on a 2007 Italian lira bond—one of the largest defaults on
record. There are worries that the default will make it
nearly impossible to attract foreign investment into the
country and that the new government may be turning
away from the free-market policies it has implemented
over the past decade in favor of more government
control.

One bright spot among the economies of the world is the
positive economic growth that continues in the coun-
tries of the former Soviet Union (FSU). In 2000, high
world oil prices and a devalued ruble helped Rus-
sia—the region’s largest economy—post its strongest
year of economic growth, 8.3 percent, since the dissolu-
tion of the Soviet regime [26]. With the devaluation of
the ruble making it difficult for consumers in the former
Soviet republics to purchase imported products, domes-
tic manufacturers began to increase production
strongly. As the ruble regained value in 2001, the manu-
facturing sector slowed somewhat (as imported goods
once again were able to compete with domestic goods),
but relatively high world oil prices in the beginning of
the year helped to keep economic growth positive in
Russia, and its GDP grew by 5.3 percent in 2001.

The other FSU republics benefited from the improving
Russian economy. In 2000, Ukraine posted its first
increase in GDP since 1989, 5.8 percent, and an even
stronger growth rate of 8.5 percent followed in 2001 [27,
28]. The country is a net importer of oil, and the high
world oil prices did not benefit the Ukrainian economy.
Instead, fiscal reform and strong growth in industrial
output, construction activity, agriculture, and exports,
along with fast-paced growth in domestic consumption
and investment, helped to fuel Ukraine’s economic
growth. The government has managed to balance the
state budget, cut expenditures, and begin the process of
privatizing the energy sector as well as restructuring the
country’s banking sector. The international financial
community has been encouraged by these changes and,
in late September 2001, the IMF and the World Bank
resumed their financing programs for Ukraine by releas-
ing funds that had been on hold since 2000.

Another large FSU economy, Kazakhstan, has also per-
formed well over the past 2 years, with GDP increasing
by 9.6 percent in 2000 and 11.6 percent in 2001 [29].
Unlike Ukraine, Kazakhstan is an oil exporter, and much
of its growth can be attributed to increased oil produc-
tion. The government also supported private-sector
growth by implementing tax cuts in 2001. With a bank-
ing sector that has been privatized and is widely consid-
ered to be among the best in the FSU, foreign direct

investment has increased strongly over the past few
years and is further encouraging the country’s economic
growth.

Outlook for
Primary Energy Consumption

The IEO2002 reference case projects that consumption of
every primary energy source will increase over the
21-year forecast horizon (Figure 16). Most of the incre-
ment in energy consumption in the reference case is in
the form of fossil fuels (oil, natural gas, and coal),
because it is expected that fossil fuel prices will remain
relatively low, and that the cost of generating energy
from non-fossil fuels will not be competitive. It is possi-
ble, however, that as environmental programs or gov-
ernment policies—particularly those designed to limit
or reduce greenhouse gas emissions—are implemented,
the outlook might change, and non-fossil fuels (includ-
ing nuclear power and renewable energy sources such
as hydroelectricity, geothermal, biomass, solar, and
wind power) might become more attractive. The
IEO2002 projections assume that government policies or
programs in place as of October 1, 2001, will remain con-
stant over the forecast horizon.

Oil is expected to remain the dominant energy fuel
throughout the forecast period (maintaining a 40-
percent share of total energy use between 1999 and
2020), as it has for decades. In the industrialized world,
increases in oil use are projected primarily in the trans-
portation sector, where there are currently no available
fuels to compete significantly with oil products. The
IEO2002 reference case projects declining oil use for
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electricity generation, with other fuels (mostly natural
gas) expected to be more favorable alternatives to
oil-fired generation.

In the developing world, oil consumption is projected to
increase for all end uses. In some countries where non-
commercial fuels have been widely used in the past
(such as fuel wood for cooking and home heating), die-
sel generators are now sometimes being used to dis-
suade rural populations from decimating surrounding
forests and vegetation, most notably in Sub-Saharan
Africa, Central and South America, and Southeast Asia
[30]. Because the natural gas infrastructure necessary to
expand its use has not been as widely established in the
developing world as it has in the industrialized world,
natural gas use is expected to grow in the developing
world, but not enough to accommodate all of the
increase in demand for energy.

Natural gas is projected to be the fastest growing pri-
mary energy source worldwide, maintaining growth of
3.2 percent annually over the 1999-2020 period, more
than twice the rate of growth for coal use. Natural gas
consumption is projected to rise from 84 trillion cubic
feet in 1999 to 162 trillion cubic feet in 2020, particularly
for electricity generation. Gas is increasingly seen as the
desired option for electric power, given the efficiency of
combined-cycle gas turbines relative to coal- or oil-fired
generation, and the fact that it burns more cleanly than
either coal or oil, making it a more attractive choice for
countries interested in reducing greenhouse gas
emissions.

Coal use worldwide is projected to increase by 2.0 billion
short tons (at a rate of 1.7 percent per year) between 1999
and 2020. Substantial declines in coal use are projected
for Western Europe and the EE/FSU countries, where
natural gas is increasingly being used to fuel new
growth in electric power generation, and for other
industrial and building sector uses (Figure 17). In the
developing world, however, even larger increases in
coal use are expected. The largest increases are projected
for China and India, where coal supplies are plentiful.
Together these two countries account for 85 percent of
the projected rise in coal use in the developing world
over the forecast period.

Worldwide, consumption of electricity generated from
nuclear power is expected to increase from 2,396 billion
kilowatthours in 1999 to 2,667 billion kilowatthours in
2020. Although past editions of this report have pro-
jected declines in nuclear electricity consumption
toward the end of the forecast horizon, higher capacity
utilization and fewer expected retirements of existing
plants have resulted in a revision to the expectations for
a decline in consumption. Extensions of operating
licenses (or the equivalent) for nuclear power plants are
expected to be granted among the countries of the

industrialized world, slowing the decline in nuclear
generation. In many of the industrialized countries,
extending the operating life of a nuclear power plantis a
decision left primiarily to the owner and thus is an eco-
nomic decision. In the IEO2002 reference case, world
nuclear capacity is projected to rise from 350 gigawatts
in 2000 to 361 gigawatts in 2015 before falling to 359
gigawatts in 2020.

The highest growth in nuclear generation is projected
for the developing world, where consumption of elec-
tricity from nuclear power is projected to increase by 4.7
percent per year between 1999 and 2020. In particular,
developing Asia is expected to see the greatest expan-
sion in new nuclear generating capacity. The nations of
developing Asia account for half of the 33 reactors cur-
rently under construction worldwide, including 8 in
China, 4 in South Korea, 2 in India, and 2 in Taiwan.

Consumption of electricity from hydropower and other
renewable energy sources is projected to grow by 2.1
percent annually in the IEO2002 forecast. With fossil fuel
prices projected to remain relatively low in the reference
case, renewable energy sources are not expected to be
widely competitive, and the renewable share of total
energy use is expected to decline from 9 percent in 1999
to 8 percent in 2020. In the developing world, particu-
larly in countries of developing Asia, such as China,
India, Malaysia, and Vietnam, much of the growth in
renewable energy use is driven by the installation of
large-scale hydroelectric power plants. In the industrial-
ized world, nonhydroelectric renewable energy sources
are projected to predominate, particularly wind power
in Western Europe and biomass and geothermal power
in the United States.

Figure 17. World Coal Consumption by Region,
1990, 2010, and 2020
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Outlook for
Carbon Dioxide Emissions

If fossil fuel consumption grows to the levels projected
in the IEO2002 reference case, carbon dioxide emissions
are expected to rise to 7.9 billion metric tons carbon
equivalent in 2010 and to 9.9 billion metric tons by 2020
(Figure 18). Much of the increase is expected in the
developing countries, where emerging economies are
expected to produce the largest increases in energy con-
sumption, and carbon dioxide emissions are projected to
grow by an average of 3.6 percent per year between 1999
and 2020. Developing countries alone account for 77 per-
cent of the projected increment in world carbon emis-
sions between 1990 and 2010 and 72 percent between
1990 and 2020 (Figure 19). Continued heavy reliance on
coal and other fossil fuels projected for the developing
countries is expected to drive the growth in carbon diox-
ide emissions over the forecast period.

In November 2001, participating member countries of
the United Nations’ seventh Conference of Parties
(COP-7) met in Marrakesh, Morocco, and reached final
agreement for the procedures and institutions needed to
make the Kyoto Protocol fully operational. Although the

Figure 18. World Energy-Related Carbon Dioxide
Emissions by Fuel Type, 1970-2020
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United States was present at COP-6 in Bonn and at
COP-7, it did not take an active role in the negotiations.
In March 2001, the United States announced that it
would not support the Kyoto Protocol. As of March
2002, 83 countries and the European Community had
signed the treaty.? It was ratified by 51 signatories, only
two of which (the Czech Republic and Romania) are
among the Annex | countries? that would be required to
limit or reduce their greenhouse gas emissions relative
to 1990 levels under the terms of the Protocol.

On March 4, 2002, the European Union (EU) voted to rat-
ify the Protocol, committing its 15 member countries to
to reductions in greenhouse gas emissions as specified in
the accord [31]. All the EU members are expected to rat-
ify the Kyoto Protocol formally by June 1, 2002. No
agreement has been reached among the EU member
count